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0 A fuel Injector for an engine. 



® A fuel injector comprising a piston (8) actuated 
by a piezoelectric element (9). A pressure control 
chamber (15) is formed between the piston (8) and 
the top face of the needle (3) and connected to a 
high pressure fuel source via a fuel passage (18) 
having a restricted flow area. The pressure control 
chamber (15) is filled with fuel under pressure. The 
rear face of the piston (8), which is positioned op- 
posite to the pressure control chamber (15), Is ex- 
posed to a high pressure fuel chamber (27) filled 
2 with fuel under pressure. The driving force acting on 
^the piston due to the pressure of fuel in the pressure 
Ifl control chamber (15) Is cancelled by the driving 
force acting on the piston (8) due to the pressure of 



CM 
CO 



fuel In the high pressure fuel chamber (27). 



Q. 
ill 



Fig. 1 




Xerox Copy Centre 



Best Available Copy 



EP 0 324 905 A1 



m 



A FUEL INJECTOR FOR AN ENGINE 



BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to a fuel injector 
for an engine. 



accordingly, and as a result, when electric power is 
supplied to the piezoelectric element, the amount 
of expansion of the piezoelectric element is 
changed in accordance with a change in the load 
acting on the piezoelectric element, and thus a 
problem arises in that it is difficult to precisely 
control the opening and closing of the needle. 



2. Description of the Related Art 



10 SUMMARY OF THE INVENTION 



In a known fuel injector, the opening and clos- 
ing of the nozzle holes is controlled by one end of 
a needle, and a pressure control chamber is 
formed between the piston and the other end of the 15 
needle. The pressure control chamber is connected 
to a high pressure fuel source via a fuel passage 
having a restricted flow area, and the piston is 
actuated by the piezoelectric element. When the 
volume of the pressure control chamber is in- 20 
creased due to the movement of the piston, the 
needle opens the nozzle holes, and when the vol- 
ume of the pressure control chamber is decreased 
due to the movement of the piston, the needle 
closes the nozzle holes (see Japanese Unexamin- 25 
ed Patent Publication No. 59-206668). 

In this fuel injector, the pressure control cham- 
ber is filled with fuel under a high pressure, and 
when the piezoelectric element is caused to con- 
tract and the piston accordingly moved to increase 30 
the volume of the pressure control chamber, the 
pressure of the fuel in the pressure control cham- 
ber temporarily becomes low. At this time, the 
needle opens the nozzle holes, and the pressure of 
the fuel in the pressure control chamber is in- 35 
creased to the initial high pressure. Conversely, 
when the piezoelectric element is caused to ex- 
pand, and the piston accordingly moved to reduce 
the volume of the pressure control chamber, the 
pressure of the fuel in the pressure control cham- 40 
ber temporarily becomes high. At this time, the 
needle closes the nozzle holes, and the pressure of 
the fuel in the pressure control chamber is de- 
creased to the initial high pressure. Conse quently, 
in this fuel injector, the pressure control chamber is 45 
normally filled with fuel under a high pressure, and 
this high pressure acts continuously on the piezo- 
electric element via the piston. 

Where, however, the fuel injector has a con- 
struction such that the pressure of fuel in the so 
pressure control chamber acts on the piezoelectric 
element, when the pressure of fuel fed into the 
pressure control chamber via the fuel passage hav- 
ing a restricted flow area is changed, the load 
acting on the piezoelectric element is changed 



An object of the present invention Is to provide 
a fuel injector capable of obtaining a precise con- 
trol of the opening and the closing of the needle. 

According to the present Invention, there is 
provided a fuel injector connected to a high pres- 
sure fuel source, comprising: a needle having one 
end which controls the opening operation of a 
nozzle hole and having another end opposite to the 
one end; a piston having one end and a rear face 
opposite to the one end of the piston, the other end 
of the needle and the one end of the piston defin- 
ing a pressure control chamber therebetween; a 
fuel passage having a restricted flow area and 
connecting the pressure control chamber to the 
high pressure fuel source to feed fuel under pres- 
sure in the high pressure fuel source into the 
pressure control chamber; a high pressure fuel 
chamber to which the rear face of the piston is 
exposed, the high pressure fuel chamber being 
filled with fuel under pressure having a pressure 
which is substantially equal to that of the fuel under 
pressure in the pressure control chamber to urge 
the piston toward the pressure control chamber; 
and actuating means for actuating the piston to 
increase a volume of the pressure control chamber, 
to thereby cause the nozzle hole to be opened by 
the needle and to decrease the volume of the 
pressure control chamber, to thereby cause the 
nozzle hole to be closed by the needle. 

The present invention may be more fully un- 
derstood from the description of preferred embodi- 
ments of the invention set forth below, together 
with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. 1 is a cross-sectional side view of a first 
embodiment of the fuel injector; 

Fig. 2 is a cross-sectional side view of a 
second embodiment of the fuel injector; and 
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Rg. 3 is a cross-sectional side view of a * 
third embodiment of the fijl^ictor. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figure 1 illustrates a first embodiment of a fuel 
injector. Referring to Rg. 1. reference numeral 1 
designates a housing of the fuel injector, 2 a nee- 
dle bore. 3 a needle inserted into the needle bore 
2. 4 nozzle holes, 5 a pressure receiving face 
formed on the needle 3, 6 a needle pressure cham- 
ber formed around the pressure receiving face 5, 7 
a cylinder, 8 a piston slidably inserted in the cyl- 
inder 7, and 9 a piezoelectric element for activating 
the piston 8. The cylinder 7 comprises a reduced 
diameter cylinder portion 7a and an inserted diam- 
eter cylinder portion 7b which is arranged coaxially 
with the reduced diameter cylinder portion 7a. The 
piston 8 comprises a reduced diameter piston por- 
tion 8a slidably inserted in the reduced diameter 
cylinder portion 7a, and an increased diameter 
piston portion 8b slidably inserted in the increased 
diameter cylinder portion 7b and Integrally formed 
with the reduced diameter piston portion 8a. A seal 
ring 10 is inserted between the reduced diameter 
cylinder portion 7a and the reduced diameter pis- 
ton portion 8a. and another seal ring 11 is inserted 
between the increased diameter cylinder portion 7b 
and the increased diameter piston portion 8b. Fur- 
ther, a disc-shaped spring 12 is inserted between 
the step portion of the cylinder 7 and the step 
portion of the piston 8, to urge the piston 8 toward 
the piezoelectric element 9. A clearance formed 
between the cylinder 7 and the piston 8 and be- 
tween the seal rings 10 and 11 is connected to a 
leakage fuel discharged port 14. 

A pressure control chamber 15 defined by the 
reduced diameter piston portion 8a is formed in the 
reduced diameter cylinder portion 7a. This pres- 
sure control chamber 15 Is connected to a pres- 
sure control chamber 16 defined by the top face of 
the needle 3 within the needle bore 2, and con- 
sequently, the pressure control chambers 15, 16 
are fonmed between the piston 8 and the top face 
of the needle 3. A comparison spring 17 is ar- 
ranged in the pressure control chamber 16 to con- 
tinuously urge the needle 3 toward the nozzle holes 
4, and the pressure control chamber 16 is con- 
nected to the needle pressure chamber 6 via an 
annular fuel passage 18 having a restricted flow 
area and formed between the needle 3 and the 
needle bore 2. The need pressure chamber 6 is 
connected on one hand to the nozzle holes 4 via 
an annular fuel passage 19 formed around the 
needle 3, and on the other hand, to a fuel inlet 21 



* via a fuel passao^^O. The fuel inlet 21 is con- 
nected to a res^^Vank 22 storing fuel under a 
high pressure th^l^ and fuel under a high pres- 
sure discharged from a fuel pump 23 is fed into the 

5 reservoir tank 22 via a flow control valve 24. 

A hollow sleeve 8c having a diameter which is 
smaller than the diameter of the increased diam- 
eter piston portion 8b is integrally formed on the 
increased diameter piston portion 8b, and a seal 

70 ring 26 is inserted between the sleeve 8c and a 
sleeve bore 25. An annular high pressure fuel 
chamber 27 is formed around the sleeve 25. and 
the rear face 28 of the increased diameter piston 
portion 8b is exposed to the high pressure fuel 

75 chamber 27, The high pressure fuel chamber 27 is 
connected to the fuel Inlet 21 via a fuel passage 
29. 

Fuel under a high pressure fed into the fuel 
Inlet 21 from the reservoir tank 22 is fed on one 

20 hand into the needle pressure chamber 6 via the 
fuel passage 20, and on the other hand, into the 
high pressure chamber 27 via the fuel passage 29. 
The fuel under a high pressure fed into the needle 
pressure chamber 6 is fed Into the pressure control 

25 chambers 15. 16 via the fuel passage 18 having a 
restricted flow area, and thus the pressure control 
chambers 15, 16 are filled with fuel under a high 
pressure. In addition, the high pressure fuel cham- 
ber 27 is also filled with fuel under a high pressure. 

30 and consequently, where the contraction and ex- 
pansion of the piezoelectric element 9 is not car- 
ried out the pressure of the fuel in the high pres- 
sure fuel chamber 27 is equal to that in the pres- 
sure control chambers 15. 16, The pressure of the 

35 fuel in the high pressure fuel chamber 27 acts on 
the rear face 28 of the increased diameter piston 
portion 8b. The increased diameter piston portion 
8b is formed to that the rear face 28 thereof has a 
surface area which is equal to or slightly smaller 

40 than the cross-sectionat area of the reduced diam- 
eter piston portion 8a. Therefore, where the surface 
area of the rear face 28 of the increased diameter 
piston portion 8b is equal to the cross-sectional 
area of the reduced diameter piston portion 8a. the 

45 driving force due to the pressure of fuel fed from 
the fuel pump 23 does not act in any way on the 
piston 8. and thus the pressure of fuel fed from the 
fuel pump 23 does not act in any way on the 
piezoelectric element 9. Where the surface area of 

50 the rear face 28 of the increased diameter piston 
portion 8b is slightly smaller than the cross-sec- 
tional area of the reduced diameter piston portion 
8a, the upward driving force acts on the piston 8 
due to the pressure of fuel fed from the fuel pump 

55 23, but this driving force is weak, and the load 
acting to contract the piezoelectric element 9 is 
tow. 

When electric charges in the piezoelectric ete- 
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ment 9 are discharged, the pieJ^B^tric element 9 
contracts, and at this tinne. th^Won 8 Is moved • 
upward due to the spring force of the disc-shaped 
spring 12. As a result, since the volume of the 
pressure control chambers 15, 16 is increased, the 
pressure of the fuel in the pressure control cham- 
bers 15, 16 becomes low, and when the pressure 
of the fuel in the pressure control chambers 15, 16 
becomes low, the needle 3 is moved upward due 
to the pressure of fuel in the pressure receiving 
face 5 of the needle 3. and thus the fuel injection 
from the nozzle holes 4 is started. When the pres- 
sure of the fuel in the pressure control chambers 
15, 16 becomes low. and the needle 3 is moved 
upward, the volume of the pressure control cham- 
bers 15, 16 Is decreased, and further, the fuel 
under high pressure in the needle pressure cham- 
ber 6 IS gradually fed into the pressure control 
chambers 15, 16 via the fuel passage 18 having a 
restricted flow area. As a result, although the pres- 
sure of the fuel in the pressure control chambers 
15. 16 is increased, the spring force of the com- 
pression spring 17 and the flow area of the fuel 
passage 18 are determined such that the needle 3 
remains open during the fuel injection time, and 
thus the fuel injection continues to be carried out. 

When electric power is charged to the piezo- 
electric element 9. since the piezoelectric element 
9 expands, the piston 8 is moved downward, and 
as a result, since the volume of the pressure con- 
trol chambers 15, 16 is decreased, the pressure of 
the fuel in tiie pressure control chambers 15. 16 
becomes high. When the pressure of the fuel in the 
pressure control chambers 15, 16 becomes high, 
the needle 3 is moved downward and closes the 
nozzle holes 4. and thus the fuel injection Is stop- 
ped. Also, when the needle 3 is moved downward, 
the volume of the pressure control chambers 15. 
16 is increased, and further, the fuel in the pres- 
sure control chambers 15, 16 is returned to the 
needle pressure chamber 6 via the fuel passage 18 
having a restricted flow area. As a result, the pres- 
sure of the fuel in the pressure control chambers 
15. 16 approaches the pressure of the fuel in the 
needle pressure chamber 6. 

During the above-mentioned operation of tiie 
fuel injector, the driving force acting on the piston 8 
from the pressure control chamber 15 side due to 
the pressure of the fuel fed from the fuel pump 23 
is substantially cancelled by the driving force act- 
ing on the piston 8 from the high pressure fuel 
chamber 27 side due to the pressure of the fuel 
fed from tiie fuel pump 23. Consequently, even if 
the pressure of the fuel fed from the fuel pump 23 
is changed, this change does not have a substan- 
tial influence on the piezoelectric element 9. and 
therefore, since this change does not cause a 
change in the amount of the expansion of the 



6 

piezoelectric elemenfj^^^ precise control of the 
.fuel injection can be ol^Bed. In addition, the driv- 
ing force due to the pressure of the fuel fed from 
the fuel pump 23 does not act on the piezoelectric 
6 element 9, or even if this driving force does act on 
the piezoelectric element 9, the force thereof is 
extremely weak. Consequently, an energy needed 
to expand tiie piezoelectric element 9 is reduced, 
and thus it is possible to minimize tiie size of the 
10 piezoelectric element 9 and reduce the consump- 
tion of electric power. 

When tiie piezoelectric element 9 contracts, 
the piston 8 is moved upward due to the spring 
force of the disc-shaped spring 12. and therefore. 
75 the high pressure fuel chamber 27 must have a 
relatively large volume, or the fuel passage 29 
must have a relatively large cross-sectional area so 
that, when the piston 8 is moved upward, the 
pressure of the fuel in the high pressure fuel cham- 
20 ber 27 is not increased to an extent such that the 
upward movement of tiie piston 8 Is prevented. 

Figure 2 illustrates a second embodiment of 
the fuel injection. In tills embodiment, similar com- 
ponents are Indicated by the same reference nu- 
25 morals as used in Fig. 1. 

In tiiis embodiment, a rod 30 having a diameter 
which is smaller tiian the diameter of the piezoelec- 
tric element 9 is fixed to the piston 8. and the 
piston 8 is connected to the piezoelectric element 
30 9 via the rod 30. The seal ring 26 is inserted 
between the rod 30 and a rod bore 31, and the 
disc-shaped spring 12 Is inserted between the rod 
30 and the housing 1. In this embodiment, since 
the diameter of the rod 30 can be reduced, a 
35 sufficient surface area of the rear face 28 of the 
Increased diameter piston portion 8b can be ob- 
tained. But. also in this embodiment the increased 
diameter piston portion 8b is farmed so that the 
surface area of tiie rear face 28 thereof is equal to 
40 or smaller than the cross-sectional area of the 
reduced diameter piston portion 8a. 

Rgure 3 illustrates a third embodiment of the 
fuel injector. In this embodiment, similar compo- 
nents are Indicated by tiie same reference nu- 
45 merals as used in Fig. 2. In this emtxDdiment, the 
cylinder 7 has a cylindrical shape having a uniform 
cross-section over the entire lengtii thereof, and the 
piston 8 has a cylindrical shape having a uniform 
cross-section over the entire length thereof. An 
50 annular fuel passage 32 having a restricted flow 
area is fonmed between the cylinder 7 and the 
piston 8. and the high pressure fuel chamber 27 is 
connected to the pressure control chamber 15 via 
the fuel passage 32 having a restricted flow area. 
55 The fuel under a high pressure in the needle pres- 
sure chamber 6 Is fed into the pressure control 
chambers 15, 16 via the fuel passage 18 having a 
restricted flow area, and the fuel under a high 

4 
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pressure In the pressure co^x)l chamber 15 Is fed 
into the high pressure fu^^^vtber 27 via the fuel 
passage 32 having a re^lKd flow area. There- 
fore, also In this embodiment, the pressure of the 
fuel In the high pressure fuel chamber 27 becomes 
equal to that in the pressure control chambers 15, 
16. This embodiment has an advantage In that the 
construction is simplified, compared with the con- 
structions Illustrated in Rgs. 1 and 2. But. In this 
embodiment, It is impossible to make the surface 
area of the rear face 28 of the piston 8 equal to the 
cross-sectional area of the piston 8. Nevertheless, 
since the surface area of the rear face 28 of the 
piston 8 can be formed to be very close to the 
cross-section area of the piston 8, by reducing the 
diameter of the rod 30, it is possible to consider- 
ably decrease the load acting on the piezoelectric 
element 9. 

According to the present invention, the driving 
force due to the pressure of fuel does not act on 
the piezoelectric element, or even if the driving 
force due to the pressure of fuel does act on the 
piezoelectric element, this force is extremely small. 
As a result, it Is possible to improve the durability 
of the piezoelectric element, and further, since a 
change in the pressure of fuel does not have a 
substantial influence on the amount of expansion of 
the piezoelectric element, it is possible to carry out 
a precise control of the fuel Injection. 

While the invention has been described by 
reference to specific embodiments chosen for pur- 
poses of illustration, It should be apparent that 
numerous modifications could be made thereto by 
those skilled in the art without departing from the 
basic concept and scope of the invention. 

A fuel injector comprising a piston actuated by 
a piezoelectric element. A pressure control cham- 
ber is formed between the piston and the top face 
of the needle and connected to a high pressure 
fuel source via a fuel passage having a restricted 
flow area. The pressure control chamber Is filled 
with fuel under pressure. The rear face of the 
piston, which Is positioned opposite to the pressure 
control chamber, is exposed to a high pressure fuel 
chamber filled with fuel under pressure. The driving 
force acting on the piston due to the pressure of 
fuel in the pressure control chamber is cancelled 
by the driving force acting on the piston due to the 
pressure of fuel in the high pressure fuel chamber. 



Claims 

1. A fuel injector connected to a high pressure 
fuel source, comprising: 

a needle having one end which controls the open- 
ing operation of a nozzle hole and having another 
end opposite to said one end; 



a piston having^^^end and a rear face opposite 
to. said one er/d^^aid piston, the other end of 
said needle and^^^ne end of said piston defining 
a pressure control chamber therebetween; 

5 a fuel passage having a restricted flow area and 
connecting said pressure control chamber to the 
high pressure fuel source to feed fuel under pres- 
sure in the high pressure fuel source into said 
pressure control chamber; 

JO a high pressure fuel chamber to which the rear 
face of said piston is exposed, said high pressure 
fuel chamber being filled with fuel under pressure 
and having a pressure which is substantially equal 
to that of the fuel under pressure in said pressure 

75 control chamber to urge said piston toward said 
pressure control chamt>er; and 
actuating means for actuating said piston to in- 
crease a volume of said pressure control chamber, 
to thereby cause said nozzle hole to be opened by 

20 said needle and to decrease the volume of said 
pressure control chamber, to thereby cause said 
nozzle hole to be closed by said needle. 

2. A fuel injector according to claim 1. wherein 
said needle is slldably inserted in a needle bore 

25 and has a pressure receiving face formed thereof, 
and said needle bore has a needle pressure cham- 
ber formed around said pressure receiving face 
and connected to the high pressure fuel source, 
said fuel passage being formed between said nee- 

30 die and said needle bore and extending between 
said pressure control chamber and said needle 
pressure chamber. 

3. A fuel injector according to claim 1, wherein 
said needle is slidably Inserted in a needle bore, 

36 and a compression spring is arranged in said nee- 
dle bore to urge said needle toward said nozzle 
hole. 

4. A fuel injector according, to claim 1, wherein 
said piston is slidably inserted In a cylinder, and a 

40 clearance between said piston and said cylinder is 
sealed, said high pressure fuel chamber being con- 
nected to the high pressure fuel source. 

5. A fuel injector according to claim 4, wherein 
said cylinder comprises a reduced diameter cyl- 

45 inder portion and an increased diameter cylinder 
portion, and said piston comprises a reduced diam- 
eter piston portion slidably inserted in said reduced 
diameter cylinder portion, and an increased diam- 
eter piston portion slidably inserted in said In- 

50 creased diameter cylinder portion, said reduced 
diameter piston portion defining said pressure con- 
trol chamber, said increased diameter piston por- 
tion forming said rear face thereon. 

6. A fuel injector according to claim 5, wherein 
55 a seal ring is inserted between said reduced diam- 
eter cylinder portion and said reduced diameter 
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piston portion, and a seal ring^^t^rted between 
said increased diameter cylind^^rtlon and said 
increased diameter piston portion. 

7. A fuel injector according to claim 6. wherein 
a clearance between said cylinder and said piston 
and between said seal rings is connected to a 
leakage fuel discliarge port. 

8. A fuel injector according to claim 5. wherein 
said piston has a step portion between said re- 
duced diameter piston portion and said increased 
diameter piston portion, and said cylinder has a 
step portion between said reduced diameter cyl- 
inder portion and said increased diameter cylinder 
portion, a disc-shaped spring being inserted be- 
tween the step portion of said piston and the step 
portion of said cylinder to urge said piston toward 
said high pressure fuel chamber. 

9. A fuel injector according to claim 1, wherein 
said piston is slidably inserted in a cylinder, and a 
spring is arranged between said piston and said 
cylinder to urge said piston toward said high pres- 
sure fuel chamber. 

10. A fuel injector according to claim 1, 
wherein said piston is slidably inserted in a cyl- 
inder, and a clearance between said piston and 
said cylinder forms another fuel passage having a 
restricted flow area and extending between said 
high pressure fuel chamber and said pressure con- 
trol chamber to connect said high pressure fuel 
chamber to said pressure control chamber. 

11. A fuel injector according to claim 10, 
wherein said piston has a cylindrical shape having 
a uniform cross-section over the entire length 
thereof, and said cylinder has a cylindrical shape 
having a uniform cross-section over the entire 
length thereof. 

12. A fuel injection according to claim 1, 
wherein said piston has a projection projecting 
from said rear face and slidably inserted In a 
projection bore, said projection having a cross- 
sectional area which is smaller than a surface area 
of said rear face. 

13. A fuel injector according to claim 12, 
wherein the surface area of said rear face other 
than said projection is substantially equal to a 
surface area of said one end of said piston. 

14. A fuel injector according to claim 12. 
wherein the surface area of said rear face other 
than said projection is smaller than a surface area 
of said one end of said piston. 

15. A fuel injector according to claim 12, 
wherein said projection is formed by a hollow 
sleeve, and said actuating means is arranged In 
said hollow sleeve. 

16. A fuel injector according to claim 12. 
wherein said projection is formed by a rod, and 
said actuating means is connected to said piston 
via said rod. 
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17. A fuel lnjed^^«ording to claim 12, 
wherein a seal ring is ii^^d between said projec- 
tion and said projection bore. 

18. A fuel injector according to claim 12, 
wherein a spring is inserted between said projec- 
tion and said projection bore to urge said piston 
toward said high pressure fuel chamber. 

19. A fuel injector according to claim 12, 
wherein said high pressure fuel chamber has an 
annular shape extending around said projection. 

20. A fuel injector according to claim 1, 
wherein said actuating means comprises a piezo- 
electric element. 
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